Many reef fish use non-reef habitats (e.g. mangroves, estuaries, and seagrass/algae beds) during their life cycle. In this study we determined how many, and which percentage of Brazilian reef fish species that make use of non-reef habitats are considered threatened (i.e. red-listed) and/or targeted by fisheries. We compiled data for 559 reef fish species, which were sorted by habitat use, threat and/or target status. Three-quarters (N = 27) of all threatened species, and 87% (N = 207) of targeted species use non-reef habitats. São Paulo and the 'Hump of Brazil' (PB-AL) had the highest number of targeted species using non-reef habitats. Estuaries presented the highest number of both threatened and targeted species. Additionally, this is the habitat that has the lowest protection on the Brazilian coast. We suggest that conservation strategies should include the protection of ecological corridors among reefs and other habitats for an effective management of Brazilian reef fishes.
Introduction
It is broadly known that reef fish may use non-reef habitats (e.g. mangroves or seagrass/algae beds), during their life cycle (Mumby 2006) . The proximity of mangroves and seagrass/algae beds with reefs increases the fish abundance and richness in these areas (Mumby 2006) . However, many stressors have been affecting this connectivity, including overexploitation, pollution, and even the removal of habitats (Grober-Dunsmore et al. 2009 ). This connectivity, especially in the coastal ecosystem, is important to the well functioning of environments, providing processes that maintain auto-regulation and resilience to impacts (Gillanders et al. 2003; McCook et al. 2009 ).
Reef fish may use non-reef habitats not only as nursery, but also for feeding and protection (Mumby et al. 2004; Dorenbosch et al. 2006) . It is also widely recognized that the connection between shallow reefs and the open ocean is important for many fish species, especially carangids and sharks (e.g., Carcharhinus longimanus, a primarily oceanic species that uses reefs in specific phases or periods within the life cycle) (Carvalho-Filho 1999) . The loss of non-reef habitats is one of the reasons attributed to the decline of fish species inhabiting reefs, even leading to local extinctions (Mumby et.al. 2004) .
In Brazil, the diversity of organisms associated with reefs is imperiled by habitat-loss caused by pollution, overfishing and by-catch (Leão & Dominguez 2000; Floeter et al. 2006) . Although the Brazilian coast is vast, only a small fraction (1.57%) is currently under protection (Brasil 2010) . Moreover, these few protected areas are in many cases too distant (> 400 km) from each other (Floeter et al. 2006) , reducing their effectiveness due to low connectivity. Although reported worldwide (Cowen et al. 2002) , the dynamics of inter-habitat connections is practically unknown along the Brazilian coast (Barletta et al. 2008 ).
Here we aim to answer the following questions: 1) Which species among threatened reef fish and/or targeted species make use of non-reef habitats? 2) Which non-reef habitats should be prioritized in conservation efforts along the coast, and where?
Methods

The database
Reef fishes were defined as any shallow (< 100 m) tropical/ subtropical benthic or benthopelagic fishes that constantly associate with hard substrates of coral, algal, or rocky reefs or that occupy adjacent sand substrate (i.e., use reef structures or the surrounding area for reproduction, feeding, and/ or protection purposes) (Floeter et al. 2008 was assembled after extensive research in field guides, peer-reviewed papers, grey literature (i.e., PhD thesis), authors pers. obs., as well as from consultation of experts.
A recent publication evaluated the extent of protection for Brazilian rocky reefs, mangroves and estuaries (Brasil 2010) . For this study, we listed the existing marine protected areas (MPAs) (including coastal protected areas with estuaries or mangroves within their boundaries) and habitats within their limits along the 14 reef sites. We also compiled data from other Brazilian official documents (Brasil 2006c (Brasil , 2007 (Brasil , 2009a (Brasil , 2009b .
Threatened and/or targeted species
In order to determine which Brazilian reef fish species are currently at risk of extinction, we compiled lists of threatened species at regional (state lists), national (Brasil , 2005 , and global levels (IUCN 2008 ). We considered the following IUCN threat categories: Critically endangered, Endangered and Vulnerable. We adopted the highest published threat category to which a species was assigned. The threat categories regarding Epinephelidae and Lutjanidae families came from a recent unpublished regional evaluation promoted by IUCN in Brazil (Tamandaré, PE, Brazil, December 9-10, 2008) .
We also compiled data of targeted reef fish species (i.e. species exploited by fisheries) (Carvalho-Filho 1999; Floeter et al. 2006; Brasil 2006a,b; Froese & Pauly 2010) . For analysis purposes we only considered whether the species in question was targeted or not in our database (targeted [1] or not [0]).
Data analysis
In order to answer which species of threatened and/or targeted reef fish species make use of non-reef habitats, we used both the total number and the proportions of those species along the 14 reef sites. The proportions were transformed into arcsine and we performed a principal component analysis (PCA) to show what non-reef habitats possessed a greater proportion of such species for each region. Reefs were removed from this analysis in order to verify the influence of non-reef habitats on the distribution and composition of threatened/targeted species along the studied sites.
Our second question focused on which non-reef habitats should be prioritized in conservation efforts along the coast. We then performed binomial tests (α = 5%) to investigate which habitats, in each of the 14 studied sites, had more targeted reef fish species. We tested if the proportion of targeted fish in each of the 14 sites, for each habitat considered, was greater than the overall proportion of targeted species found in the area studied. This analysis was also performed for threatened species.
Results
Thirty-six reef fish species (~6%) fall under some sort of threat category in regional, national or global red lists. Among the threatened species, 75% (N = 27) of them use non-reef habitats, such as mangroves, estuaries, and seagrass/algae beds ( Table S1 in the Additional Supporting Information at www.abecol.org.br). Also, within threatened species, the families Epinephelidae (sensu Craig and Hastings 2007) and Lutjanidae are the most representative for Teleostei (eight and three species, respectively), while the families Carcharhinidae, Rhinobatidae and Sphyrnidae are the most representative for Elasmobranchii (two species each) (Table S1 ). Targeted species consisted of 42.7% (N = 239) of all species, and 86.6% (N = 207) of them are users of non-reef habitats. The families with a greater number of targeted species using non-reef habitats are Carangidae (N = 30), and Carcharhinidae (N = 11).
The Binomial test showed, with the exception of Saint Paul's Rocks, that the proportion of targeted reef fish that also use the open ocean is higher than the expected proportion at all sites (p < 0.05) ( Figure 2 ). In every coastal area, the highest proportion of targeted species was found on species that also use estuaries. There is also a high proportion of these species using mangroves in the coast from Paraíba to Alagoas (PB-AL), north of Bahia and Arraial do Cabo (Figure 2) . Binomial tests performed for threatened species revealed no significant difference between sites, with the exception of the proportion of threatened species in Rio Grande do Norte (RN) that use estuaries, and those utilizing the open ocean in Rocas Atoll.
The highest percentage of targeted species for all its non-reef habitats was found in RN (from 51 to 90% of all species/ habitat) ( Figure 2 ). São Paulo and the PB-AL coast had the highest number of targeted species using non-reef habitats (Table 1) . Estuaries presented the highest number of both threatened (N = 14) and targeted (N = 114) species (Table 1) . The sites exhibiting the highest number of threatened and targeted species for each habitat type are described in Table 1 .
The principal component analysis (PCA) for threatened species (Figure 3) highlighted the importance of seagrass/ algae beds to threatened species of the Northeastern reef areas (from RN to Abrolhos), Espírito Santo and Arraial do Cabo, while the oceanic islands and Manuel Luiz reefs were more related to open ocean environments. Estuaries and mangroves are important to threatened reef fish along the entire coastal area. In São Paulo, we found the highest number of threatened species (N = 29), while Santa Catarina contained the greatest proportion of threatened species (8.2% of the total) ( Figure 3) . The PCA for targeted reef fish showed a greater proportion of species using mangroves, estuaries and seagrass/algae beds in the Northeast, Espírito Santo and Arraial do Cabo regions; the Southeast-South area showed a higher proportion of oceanic and soft bottom-associated species ( Figure S1 in the Additional Supporting Information at www.abecol.org.br). The area along the PB-AL coast presented the highest number of targeted species (N = 212) and Saint Paul's Rocks had the highest proportion of targeted species (57%).
Every reef site studied had at least one MPAs within their limits (Table 1) . Additionally, reefs and non-reef habitats along the 14 reef sites used were located within at least one protected area. However, most MPAs in Brazil are of sustainable use (47 versus 32 no-take MPAs), i.e., where fishing is allowed under some type of regulation. Moreover, Saint Paul's Rocks, RN, the north coast of Bahia and Arraial do Cabo do not have any strict no-take areas within their boundaries (Table 1) .
Two recent works by the Brazilian Ministry of the Environment (Brasil 2007 (Brasil , 2010 have mapped reefs, mangroves and estuaries along the coast, and determined the amount of protection for these habitats. Although the data reported for each work is not entirely comparable, they still represent the most complete publications regarding marine conservation in Brazil. Data from the Coral Atlas (Brasil 2007) , are based entirely on conservation units while the other publication (2010) considers data from each coastal state. According to the Coral Atlas (Brasil 2007) , biogenic reefs have a relatively high percentage (44.3-100%) of protection inside MPAs. The important exception is northern Bahia, where there is no protected area (Brasil 2007) .
Brazilian rocky reefs have a medium-high protection level (29-86.9%) which extends from Espírito Santo to Santa Catarina (Brasil 2010) . São Paulo has the highest protection level for these habitats (86.9%), being the majority marine reserves (no-take zones). Mangroves have a very different level of protection along the Brazilian coastline, ranging from 13.5% in Santa Catarina (mostly reserves) to 78.7% in Bahia (mostly Environmental Protected Areas -EPA, for sustainable use). There are no reserves protecting such habitats in Rio Grande do Norte or in Alagoas (Brasil 2010) . Estuaries protection ranges from 1.1% in Santa Catarina to 69.5% (mostly EPAs) in São Paulo. There are no marine reserves protecting such habitat from Rio Grande do Norte to Alagoas (Brasil 2010 ).
Discussion
Our results present for the first time a complete set of information regarding the use of non-reef habitats for both threatened and targeted reef fish species in Brazil. Epinephelidae, Lutjanidae, Carangidae, Carcharhinidae, Rhinobatidae and Sphyrnidae are the families with the majority of species in these categories. Protecting the connectivity between reefs and non-reef habitats that are used by these species would help both individual's development and population maintenance by including all critical life-stages under some type of protection (e.g., Mumby et al. 2004) .
Estuaries hold the greatest number of both threatened and targeted reef fish species that use non-reef habitats (Figure 2, Table 1 ) in Brazil. At the same time, estuaries have the lowest protection and the least amount of reserves compared to other mapped habitats along the Brazilian coast (Brasil 2010) . We reinforce the urgent need of creating ecological corridors (including no-take zones) among reefs and other habitats, since negative impacts in the course of an organism early life stages could indirectly affect the abundance of adult specimens (Sale et al. 2010) .
São Paulo's coast present the greatest number of threatened reef fish species that also use non-reef habitats (Table 1) . In 2008, São Paulo's government established a network of MPAs that encompasses all federal, state, and municipalitymanaged MPAs. Such networks aim to set strategies for both conservation and development activities in coastal and marine zones. However, little can be achieved if such MPAs are not meeting the conservation goals established for each type of protected areas.
The highest number of targeted reef fish that use non-reef habitats is in PB-AL coast, where artisanal fishing is the most common type of harvesting (Diegues 2008) . Some targeted reef fish species have been monitored by the project REVIZEE, and management suggestions have been made for these species (Brasil 2006a, b) . However, single-species Sum of all habitats on the protected areas we analyzed, to each site. Habitats: see Figure 3 for complete names. R = Reserves (no-take areas); S = Sustainable use protected area; N/A = not applicable (habitat absent in the area); c Fernando de Noronha-Rocas-São Pedro e São Paulo Environmental Protected Area, which protects all three reef sites; and d MPAs protecting seagrass/algae beds in Espírito Santo were only established in June 10, 2010. management plans often do not work when we have to consider complex habitat networks (Freire 2005) .
Every site used in our study has protected areas, however, mostly for sustainable use (Table 1) . Due to the lack of planning and enforcement, it is easy to find many illegal activities within these areas (Sá & Ferreira 1999) . For example, several shrimp farms can be found within many EPAs in the Northeast, frequently making them appear as 'paper parks' (Boeckmann & Geber 2006; Gerhardinger et al. 2010 ). In addition, it is easier to enforce a fully protected marine reserve (no-take zone) than 'partially' protected areas, the latter being sometimes no better than areas without regulations. The 'virtual status' of a protected area is of great concern when a mapping approach (such as in Brasil 2007 Brasil , 2010 is used regardless of the actual status of the enforcement of the protected area analyzed (if each MPA is really functional or not).
Additionally, the protected areas mentioned in Table 1 in many cases do not correspond to marine areas, also including coastal land areas. A very detailed mapping of MPAs, describing which and how much of habitats are actually being protected, the types of human influences surrounding them, as well as the real functional status of each MPA, would enable better decisions on the creation of coastal and marine ecological corridors in Brazil. Only a few works have been produced in the past years regarding this subject (Brasil 2006c (Brasil , 2009b (Brasil , 2010 , but there is still information missing, especially on habitat-specific status. Also, there are no Brazilian-wide studies concerning the conservation of other habitats, such as seagrass/algae beds, soft bottoms and the open ocean. Such initiative would provide essential information that could be used to point continuous areas which would better represent and protect these important resources.
